ililiiiillllillilllilllli 

(11) EP 0 610 929 B1 

(12) EUROPEAN PATENT SPECIFICATION 

(45) Date of publication and mention (51) intCiA C08G 73/10 

of the grant of the patent: 
07.07.1d99 Bulletin 1999/27 

(21) Applicatbn number: 94102061.2 

(22) Dateof filing: 10.02.1994 




EuropSlsches Patentamt 
European Patent Office 
Office europeen des brevets 



(54) Film forming solution, porous film obtained therefrom and coated material with the porous film 

Filmblldende Losung, daraus erhaltener poroser Film und mitdiesem porosen Film beschichtetes 
Material 

Solution pour former un film, film poreux obtenu et materiau recouvert par celui-ci 



(84) Designated Contracting States: 
DE FR GB IT NL 

(30) Priority: 10.02.1993 JP 4587993 

(43) Date of publication of application: 
17.08.1994 Bulletin 1994/33 

(73) Proprietor: UNITIKA LTD. 
Amagasakl-shi Hyogo (JP) 

(72) Inventors: 

• Tomloka, Isao, c/o Unltika Ltd. 
Uji-shi, Kyoto (JP) 

• Saito, Minoru, c/o Unitika Ltd. 
UJI-shi, Kyoto (JP) 

• Iwaya, YoshlakI, c/o Unitika Ltd. 
UJI-shi, Kyoto (JP) 

• Echigo, Yoshiaki, c/o Unitika Ltd. 
Uji-shi, Kyoto (JP) 



m 

o> 

CM 
G> 

O 

CD 

O 

Q. 
UJ 



(74) Representative: 

Hansen, Bernd, Dr. Dipl.-Chem. et al 

Hoffmann Eitle, 

Patent- und Rechtsanwfilte, 

/Vrabellastrasse 4 

81925 MQnchen (DE) 



(56) References cited: 
EP-A- 0 532 953 
US-A- 4 923 954 



US-A-4 535115 



• PATENT ABSTRACTS OF JAPAN vol. 4, no. 30 
(C-2X512) 15 March 1980 & JP-A-55 005 950 
(ASAHI KASEI KOGYO KABUSHIKI KAISHA) 

Remarks: 

The file contains technical information submitted 
after the application was filed and not included in this 
specification 



BEST AVAILABLE COPY 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve. 7S001 FWRIS (FR) 



EP 0 610 929 B1 

Description 

[0001] This invention relates to a film fornning solution from which a poly{4,4'-oxydiphenylenepyromellitimlde) porous 
film can be obtained, a porous film obtained therefrom and a coated material in which the porous film is formed on a 
5 base material. 

[0002] Among the aromatic polyimides, poly(4,4'-oxydiphenylenepyrom8llitimide) is widely used in films, coating ma- 
terials, moldings and the like, as a polymer having excellent heat resistance and dynamic characteristics. 
[0003] Journal of Polymer Science, Macromolecular Reviews, Vol.11 (1976) discloses, in Table 2 on page 164, sol- 
vents capable of dissolving poly(4,4'-oxydiphenylenepyrome[litamic acid) which is a typical precursor of poly(4,4'-ox- 

10 ydiphenylenepyromellitimide). Listed in this table as illustrative solvents are N,N-dimethylformamide (DMF), N-methyl- 
2-pyrrolidone (NMP), hexamethylphosphoramide (HMPA), N-methylcaprolactam, dimethyl sulfoxide (DMSO), N- 
acetyl-2-pyrrolidone. N.N-dimethylacetamide (DMAc) and the like. These solvents can dissolve the polyimide precursor 
when used alone and are called aprotic polar solvents. In addition, this reference discloses that these solvents can be 
used not only for dissolving a poly(amic acid) but also as a polymerization solvent when a poly(amic acid) is produced 

IS by the polymerization of a diamine with a tetracarboxylic acid dianhydrlde. 

[0004] This same reference also discloses, on pages 1 99 to 205, that polyimide films can be obtained by removing 
solvents from solutions of poly(amic acid) dissolved in these aprotic polar solvents and carrying out imidization, and 
that polyimide-coated materials can be obtained by coating base materials with these solutions, followed by solvent 
removal and imidization. 

20 [0005] EP 532 053 discloses a polyimide precursor Solution and a process for the production thereof. This polyimide 
precursor solution comprises a polyimide precursor and a solvent wherein the polyimide precursor and the solvent are 
not solvated strongly. The precursor is an aromatic poly-amic acid prepared from an aromatic tetracarboxylic dianhy- 
drlde and an aromatic diamine. The solvent may be a mixture of two or more solvents. The obtained precursor solution 
has an improved storage stability and can be used for the production of polyimide films, coatings and the like. 

2S [0006] Polyimide precurosr solutions prepared using DMAc, NMR DMSO, DMF and the like aprotic polar solvents 
are also disclosed in the U.S. Patent 4,238,528, JP-B-3-4588 (The term "JP-B" as used herein means an "examined 
Japanese patent publication") and IBM Tectinicai Disclosure Bulietin, Vol. 20, no.6, p. 2041 (November, 1977). How- 
ever, since these solvents have a large dipole moment, associate strongly with polyimide precursors used as solutes 
{Journal of Polymer Science, A-1. Vol. 4, pp. 2607 - 2616, 1966, Journal of Polymer Science, A, Vol. 25. pp. 2005 - 

30 2020, 1 987, Joumal of Polymer Science, A, Vol. 25. pp. 2479 - 2491 , 1 987, Kogyo Kagaku Zasshi, Vol. 71 . no.9, pp. 
1 559 - 1 564, 1 968, and Abstract of ANTEC '91 , pp. 1 742 - 1 745) and have strong solvation with the solutes used, they 
cause the following problems when polyimide films or coated materials are produced. That is, in a solution prepared 
by dissolving a polyimide precursor in the aforementioned currently used aprotic polar solvent, the polyimide precursor 
and the solvent are strongly solvated, thus leading to difficulty in removing the solvent at the time of molding or coating 

35 and therefore causing a problem in terms of insufficient dynamic and electric characteristics of the resulting moldings 
or coated materials due to the large amount of remaining solvent. In addition, the remaining solvent in the moldings 
causes another problem in that it generates toxic gases such as carbon monoxide and the like upon its decomposition 
caused by high temperature at the time of the use of the product. 

[0007] Also, since they are hygroscopic in nature, these solvents pose still another problem when they are used as 
40 polymerization solvent. That is, when water is present in the solvent, it causes hydrolysis of acid anhydrides and chang- 
es in the polyimide precursor solution formed with the passage of time, thus requiring reaction in a strictly waterfree 
system which requires a complex reaction apparatus. In addition, since these solvents have a large surface tension 
due to their large dipole moment and high viscosity as described in JP-B-3-4588, a sufficiently uniform coating cannot 
be obtained in a film or a coated material, and such a coating has insufficient adhesion to base materials. 
45 [0008] Contrary to this, the inventors of the present invention found an important solvent system whteh can resolve 
many problems inherent in these aprotic polar solvents, and filed a patent application on a polyimide precursor solution 
that does not use aprotic polar solvents (JP-A-6-1915). 

[0009] Specifically, the present inventors found that a solution of a polyimide precursor having a high polymerization 
degree can be produced easily at low cost even if water is present when a mixture of solvents, which individually do 

so not solvate strongly with the polyimide precursor when used alone, is used as a polymerization solvent, that the poly- 
imide precursor in this solution does not solvate strongly with the solvent and that polyimide moldings such as strings, 
films and the like, as well as coated materials, having excellent characteristics can be obtained from this solution. 
However, when a solution prepared using these solvents was spread on a base material to remove the solvents and 
then subjected to imidization, the resulting film was not a porous film but a film having no pores. 

55 [001 0] Polyimide porous films are used as gas or liquid separation films. JP-A-57-1 70934 and JP-A-57-1 70935 (The 
term 'JP-A' as used herein means an 'unexamined published Japanese patent application") disclose polyimide porous 
films obtained by the use of polyimide solutions which comprise polyimides prepared from benzophenonetetracarbox- 
yllc acid or biphenyltetracarboxylic acid and an aromatic diamine and good and poor solvents of these polyimides, and 
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processes for the production of these films. However, since polyimide porous films obtained by these processes are 
derived from solvent-soluble polyimides. they are inferior to poly(4.4'-oxydiphenylenepyromellltimide) films in terms of 
heat and chemical resistances and therefore can be used only for a limited purpose. 

[0011] JP-B-61 -53086 also discloses a process for the production of a polyimide porous film in which a film formed 

5 from a solution of a poly{amic acid) dissolved in the aforementioned aprotic polar solvent is allowed to contact a co- 
agulation solution comprising water or a lower alcohol, and the thus formed coagulation film is dried and subjected to 
heat imtdization. According to this process, a polyimide porous film containing poly(4,4'-oxydiphenylenepyromellitimide) 
having excellent heat and chemical resistances can be obtained, but it shows Insufficient gas permeability (in the case 
of hydrogen for example, its gas permeability Is merely from 0.0016 to 0.011 cm^/cm^^sec^cmMg). 

10 [0012] In addition, JP-A-57-1 70936 discloses polyimide porous films, as well as a process for the production thereof, 
which porous films are obtained by preparing a polyimide precursor film using a solution of a polyimide precursor 
dissolved In a mixture of good and poor solvents for the precursor, and heating the thus prepared precursor film to 
effect removal of the solvents and imidization of the film. This unexamined published patent application states that 
those polyimide porous films are useful as gas separation films, because these films are composed of poly(4,4'-oxy- 

IS diphenylenepyromellitlmlde) and the like and therefore have excellent heat and chemical resistance. 

[0013] However, since the process of JP-A-57-1 70936 uses the aforementioned aprotic polar solvents which are 
good solvents of the polyimide precursor, it has various problems inherent with these aprotic polar solvents. In addition, 
since aprotic polar solvents which remain in the film soften the polyimide precursor film when the film is subjected to 
heating to effect a ring closure reaction, movement of the polymer molecules becomes frequent, which causes rear- 

20 rangement of the molecules, as has been noted in Polymer Engineering Science, Vol.29, pp.347 - 351 (1989) and 
Advances in Polyimide Science and Technology Tecnomic Publishing Co., Inc., pp.360 - 373 (1991). 
[0014] Because of such softening of the film and rearrangement of the polymer molecules, the fine porous structure 
once formed at the time of polyimide precursor film preparation ceases to exist, resulting in difficulty in obtaining suf- 
ficient gas permeability, as has been pointed out in Membrane, Vol.15, pp.139 - 146 (1990). 

25 [0015] For the purpose of overcoming this problem, Membrane, Vol. 1 5, pp. 1 39 - 1 46 (1 990) and Membrane, Vol. 1 7, 
pp.42 - 47 (1 992) disclose a process in which a polyimide porous film comprising poly(4,4'-oxydiphenylenepyromellft- 
imide) is obtained for use as a gas separation film, by carrying out heat treatment in high boiling point solvents to effect 
imidization while maintaining the fine porous structure formed at the time of the preparation of the polyimide precursor 
film. However, the gas permeability cannot be improved to a satisfactory level even by the use of this process. 

30 [0016] In addition, JP-B-58-25690 discloses a process In which a polyimide porous film is produced by forming a 
polyimide precursor film on a glass plate using a polyimide precursor solution and soaking the resulting plate in a liquid 
which chemically converts the precursor into the corresponding polyimide. However, the gas permeability cannot be 
improved to a satisfactory level by the use of this process. 

[0017] Since they exhibit excellent electrical characteristics, polyimides are also useful as electronic materials such 
35 as Insulating layers for semiconductor elements and insulating films for flexible circuit boards. However, with the recent 
large scale Integration of semiconductor elements and circuits and high-speed signal systems, great concern has been 
directed toward the development of materials having more excellent electrical characteristics. Including dielectric char- 
acteristics. An improvement of dielectric characteristics may be achieved, for example, by a process in which a poly- 
imide film is made Into a porous structure by Introducing fine pores into the film. Such a process can decrease the 
40 dielectric constant of the film while maintaining full characteristics of the polyimide. For example, Advances in Polyimide 
Science and Technology, Tecnomic Publishing Co., Inc.. pp.184 - 197 (1991) discloses a process in which a porous 
film is produced by first molding a film from a solution of a copolymer consisting of a polyimide having a specified 
structure and polyethylene oxide and then subjecting the film to sintering to effect decomposition and removal of pol- 
yethylene oxide. Though this reference states that the porous film obtained by this process is useful as a semiconductor 
45 insulating film, this porous film cannot be put into practical use because of its inferior solvent resistance due to the use 
of a solvent soluble polyimide. 

[0018] A polyimide film whose dielectric constant Is reduced by changing its chemical structure Is known for use as 
an insulating film for flexible circuit boards. Though dielectric characteristics can be improved by changing the chemical 
structure of the film, this change results in a decrease in other characteristics. A reduction of the dielectric constant by 
so giving a polyimide film for flexible circuit board use a porous structure seems to be very effective, but no information 
is available to date concerning a polyimide porous film which comprises poIy(4,4'-oxydlphenylenepyromellitimlde) and 
which has excellent dielectric characteristics and sufficient dynamic characteristics. 

[0019] As has been described in the foregoing, there are no porous films composed of poly(4,4'-oxydiphenylenepy- 
romellitlmide) which have markedly excellent heat and chemical resistance and which can be produced without using 
ss aprotic polar solvents such as DMF. NMP. DMAc, DMSO and the like, which solvents are disadvantageous from various 
points of view. 

[0020] In view of the above, an object of the present invention is to provide a film forming solution which does not 
require aprotic polar solvents such as DMF, NMP, DMAc, DMSO and the like, to provide a porous film of poly(4,4'- 
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oxydiphenylenepyromellitimide) obtained from such a film forming solution which has excellent heat and chemical 
resistance, is controllable in terms of film porosity and pore size and has excellent electrical characteristics, and to 
provide a coated material in which such a porous film is formed on a base material. 
[0021] The inventors herein conducted extensive studies to achieve the above objects and found that: 

a poly(4,4'-oxydiphenylenepyrome!litimide) precursor can be dissolved in a mixture of at least three solvents which 

are poor solvents for the poly(4,4'-oxydiphenylenepyromel)itimide) precursor when used alone; 

that a porous film of the poly(4,4'-oxydiphenylenepyromellitimide) precursor can be produced from the resulting 

solution; 

that a porous film of poly(4,4'-oxydiphenylenepyromellitimide) and a coated material in which this porous film is 
formed on a base material can be obtained without harming the fine porous structure thereof by subjecting the 
precursor porous film to a ring closure reaction; 

that a variety of porous films ranging from those having substantially no gas permeability (i.e., 10*^ cm^/ 
cm2^ec»cmHg or less) to those having extremely high gas permeability (i.e., 0.1 cm^/cm^-sec-cmHg or more) can 
be produced because porosity and pore size can be controlled by changing the combination and the mixing ratio 
of the poor solvents; and 

that the dielectric constant can also be changed by controlling porosity and pore size. 

[0022] The present invention was accomplished on the basis of these findings. 
[0023] Accordingly, the gist of the present invention resides: 

first, in a film forming solution consisting essentially of a precursor of a poly(4,4'-oxydiphenylene pyromellitimide) 
consisting of at least 70 mol% of repeating units represented by the following formula: 



wherein R is a tetravalent aromatic radical having 1 to 5 benzoid-unsatu rated rings of 6 carbon atoms and R' 
represents a divalent aromatic radical having 1 to 5 benzoid unsaturated rings of 6 carbon atoms, wherein the four 
carbonyl groups are directly bonded to different carbon atoms In a benzene ring In R and each pair of carbonyl 
groups is bonded to adjacent carbon atoms in the benzene ring of R and wherein the two amino groups are directly 
bonded to different carbon atoms of R' 
and a mixture of at least three solvents consisting of 

(i) a water-soluble ether compound, 

(ii) a water-soluble alcohol compound, and 

(iii) water and/or an aromatic hydrocarbon and/or an aliphatic hydrocarbon, 
which film forming solution has an intrinsic viscosity of 0.3 or more; 




and less than 30 mol% of repeating units represented by the following formula: 




\ 



N— 



Second, in a porous film of poly(4,4'-oxydiphenylenepyromellitimide) obtainable by forming a porous film of a pre- 
cursor of poiy(4,4'-oxydiphenylenepyromellitimlde) from the above film forming solution and subsequently effecting 
ring closure of the porous film precursor, wherein said porous film has a gas permeability of 0. 1 cnrt^/cm^'Sec-cmHg 
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or more; and 

third, in a coated material in which the above porous film is formed on a base material. 

5 [0024] Other objects and advantages of the present invention will be made apparent from the following disclosure. 
[0025] Fig. 1 is a graph showing the effect of the amount of added water on the hydrogen gas permeability and the 
separation ratio of a poly(4,4'-oxydipheny]enepyromellittmide) porous film. 

[0026] Fig. 2 Is a graph showing the relationship between the porosity of a poly(4,4'-oxydiphenylenepyromellltimide) 
porous film and the dielectric constant. 
10 [0027] First, a definition of the terms used in the present invention will be given. 

(1) Polyimide precursor 

[0028] The term "polyimide precursor" as used herein means poly(4.4'-oxydiphenylenepyromellitamic acid) or poly 
IS (4,4'-oxydiphenylenepyromell!tamic acid) of which ring closure has been occurred partially. The temn "ring closure" 
means a reaction to form a polyimide structure. In the latter case, 30 mole % or less of the repeating units may form 
the polyimide structure. The term "polyimide precursor" as used herein, therefore, means a precursor of poly(4,4'- 
oxydiphenylenepyromellitimide). According to the present invention, ring closure of the polyimide precursor may be 
effected by usually used means such as a procedure in which the precursor is heated or a procedure in which a 
20 cyclization agent such as acetic anhydride, pyridine or the like is used {Journal of Polymer Science, Macromolecular 
Reviews, VoUl , pp.161-208, herein incorporated by reference). 

(2) Poly(4.4'-oxydiphenylenepyromellitimide) 

25 [0029] An organic polymer in which at least 70 mole % of the repeating units of its chain consist of a 4,4'-oxydiphe- 
nylenepyromellitimide structure represented by the formula: 



30 




3S and less than 30 mole % of the other repeating units consist of the structure represented by the formula: 



/ CO CO \ 
\ CO CO / 

^ In the formula, R is a tetravalent aromatic radical having 1 to 5 benzenoid-unsatu rated rings of 6 carbon atoms, the 
four carbonyl groups being directly bonded to different carbon atoms in a benzene ring of the R radical and each pair 
of carbonyl groups being bonded to adjacent carbon atoms in the benzene ring of the R radical. The followings are 
illustrative examples of R: 



0 

II 



55 
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C Fj 

C Fa 

IS 

In the formula, R' is a divalent aromatic radical having 1 to 5 benzenoid-unsaturated rings of 6 carbon atoms, the two 
amino groups being directly bonded to different carbon atoms in the benzene ring of the R' radical. The followings are 
iiiustrative examples of R': 




20 



2S 



30 



35 



40 



45 



50 




C £ 



0 



55 
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10 



IS 



20 



2S 



30 



35 



45 



$0 



55 



CH, CH, 




C H, 



CH 



CH, 



C H, 



C F 



40 CP 



-Q- N H C 0-^}-C 0 N H-Q- 

The poly(4,4'-oxydiphenylenepyromellitimide) may be a block copolymer, a random copolymer, and the like consisting 
of the repeating units described above. Preferably, however. 100 mole % of the repeating units of its chain consist of 
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poly(4,4'-oxydiphGnylenepyromellltimide). 

(3) Poor solvent 

s [0030] A solvent not capable of dissolving 1 g/1 00 ml or more of a poly(4,4'-oxydiphenylenepyromelljtimide) precursor 
at 25*»C. 

(4) Porous film 

10 [0031] The term "porous film" as used herein means a porous film itself or a porous film formed on a base material 
by coating or the like. 

(5) Gas permeability 

IS [0032] A porous film of poly(4,4'-oxydiphenylenepyromellrtim!de) (thickness: 1 7-41 ^m) was placed in an open stain- 
less steel cell having an area of 12.5 cm^ so that gas could be passed through the porous film (film area also = 12.5 
cm2). Nitrogen and hydrogen gases were supplied at a temperature of 20**C from one side of the porous film at a 
pressure of 0.2 to 1 kg/cm^ to measure the volume of the gases permeated through the poly(4.4'-oxydiphenylenepy- 
romellitimide) porous film using a flow meter, and the gas permeability was calculated based on the following equation. 

20 

Gas permeability = gas volume permeated (STP) (cm W-seccrnHg) 

^ ' area of porous film X time X pressure* ^ ^' 

*: permeation area X permeation time X pressure differential over the porous film 

2S 

(6) Dielectric constant 

[0033] A porous film of poly(4,4'-oxydiphenylenepyromellitimide) was coated on the smooth surface of a copper foil, 
a silver paste was applied to the thus coated porous film in a circular form 6.2 cm in diameter and the resulting laminate 
30 was dried in air at 80**C for 1 0 hours to prepare a capacitor of the porous film of poly(4,4'-oxydiphenylenepy romellitimide) 
interposed between the copper and the silver paste. Using an impedance analyzer (Model 41 94A, Hewlett Packard S. 
A.), the electrostatic capacitance of the capacitor was measured at 1 MHz, which permits one to calculate the dielectric 
constant, based on the following equation. 

^ r\:^i^^+.!« ^ ♦ ♦ electrostatic capacitance x thickness , , 

uielectnc constant = ^ . — (-) 

permittivity of vacuum X area ^ ' 



40 



Permittivity of vacuum: 8.85419 x lO'^^C^N'^ M'^ (MKSA unit) 



[0034] According to the present invention, the polyimide precursor preferably has an intrinsic viscosity {r\) of 0.3 or 
more, more preferably 0.7 or more, and most preferably 1 .0 or more. Though not particularly limited, the intrinsic 
viscosity may have an upper limit of about 6. If the intrinsic viscosity (t|) is smaller than 0.3, a porous film having 
insufficient strength is obtained. The intrinsic viscosity (r|) is a value directly related to the molecular weight of a polymer 
^ and can be calculated using the following equation after measuring the flow time of a poly(4,4'-oxydiphenylenepyrom- 
eliitimide) precursor solution (0.5% by weight thereof in N,N-dimethylacetamide) and of the DMA at 30<*C through a 
constant volume capillary tube of a standard viscometer (Ubbelohde's viscometer). 

. flow time of solution 
In ■ 



intrinsic viscosity = tl°w time of solvent 

c: Precursor concentratk>n (grams of the precursor dissolved in 100 ml of solution) 

55 [0035] The solvent used for the preparation of the film forming solution of the present invention is a mixture of at 
least three (preferably from three to five) solvents each of which is a poor solvent for the polyimide precursor when 
used alone. Examples of the combination of these poor solvents include: (1 ) a water soluble ether compound, a water 
soluble alcohol compound and water; (2) a water soluble ether compound, a water soluble alcohol compound and an 
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aromatic hydrocarbon; and (3) a water soluble ether compound, a water soluble alcohol compound and an aliphatic 
hydrocarbon. The term "water soluble" as used herein means that the compound is completely soluble in water 
[0036] The water soluble ether compound wherein the number of the carbon atoms divided by the number of ether 
groups is 4 or less is preferable. Illustrative examples of the water soluble ether compound include tetrahydrofuran 
s (THF), dioxane, trioxane, 1,2-dimethoxyethane, diethylene glycol dimethyl ether, diethylene glycol diethyl ether and 
the like, of which THF is particularly preferred. 

[0037] The water soluble alcohol compound wherein the number of the carbon atoms divided by the number of 
hydroxyl groups is 4 or less is preferable. Illustrative examples of the water soluble alcohol compound include methanol, 
ethanol, 1-propanol, 2-propanoI, tert-butyl alcohol, ethylene glycol, 1.2-propanediol, 1,3-propanediol, 1 ,3-butanediol, 
10 1 ,4-butanediol, 2,3-butanediol, 1 ,5-pentanediol, 2-butene-1 ,4-diol, 2-methyl-2,4-pentanediol, glycerol. 2-ethyl-2-hy- 
droxymethyl -1,3-propanediol, 1 ,2,6-hexanetriol and the like, of which methanol is particularly preferred. 
[0038] Illustrative examples of the aronnatic hydrocarbon include benzene, toluene, xylene and the like, of which 
toluene is particularly preferred. 

[0039] I llustrative examples of the aliphatic hydrocarbon include aliphatic hydrocarbons having 6 to 20 carbon atoms, 

IS of which decane of 10 carbon atoms is particularly preferred. 

[0040] The film forming solution of the present invention can be produced, for example, by effecting polymerization 
of pyromellitic dianhydride with 4,4'-diaminodiphenyl ether in a mixture of at least two solvents including a water soluble 
ether compound and a water soluble alcohol compound (both as earlier exemplified) to prepare a poly(4,4'-oxydiphe- 
nylenepyromellitimide) precursor solution, and adding water, an aromatic hydrocarbon or an aliphatic hydrocarbon 

20 (both as earlier exemplified) to the thus prepared precursor solution. The amounts of the water soluble ether compound 
and the water soluble alcohol compound as well as the water, aromatic hydrocarbon or aliphatic hydrocarbon can be 
decided based on the range or ratio in the resulting film forming solution described below Generally, the polymerization 
is carried out under the ordinary pressure at -30 to 60" C for 1 to 200 minutes. Please also refer to Journal of Polymer 
Science, Macromoiecular Reviews, Vol.11, pp.1 61 -208, herein incorporated by reference. 

25 [0041] The concentration of the polyimide precursor in the film forming solution of the present invention may be in 
the range of preferably from 0.1 to 60% by weight, more preferably from 1 to 25% by weight, based on the total weight 
of the solution. Also, the water soluble ether compound and the water soluble alcohol compound may be mixed at a 
weight ratio of preferably from 90 weight parts: 10 weight parts to 56 weight parts:44 weight parts. Poor solvents other 
than the water soluble ether and water soluble alcohol compound may be used in an amount of preferably from 0.1 fo 

30 35% by weight, more preferably from 4 to 30% by weight based on the total weight of the solution. When the ratio of 
an aromatic or aliphatic hydrocarbon or water to the water soluble ether and alcohol compounds is increased, a porous 
film obtained from the resulting film forming solution can have a large porosity, but addition of the aromatic or aliphatic 
hydrocarbon or water exceeding the above amount will not provide an uniform solution due to precipitation of the 
polyimkie precursor 

35 [0042] A porous film of poly(4,4'-oxydlphenylenepyromellitimide) can be obtained from the film forming solution of 
the present invention by any of the following known film forming processes. 



(a) The film forming solution is coated on the smooth surtace of a base material such as a metal, glass, and plastic 
film and dried at 10 to 80**C for 0. 1 to 4 hours to fomn a porous film of the polyimide precursor on the base material. 

40 Thereafter, the thus formed polyimide precursor porous film is removed from the base material, and its imidization 

is effected by heating for 0.5 to 5 hours at 150 to SOO'^C (or by soaking the polyimide precursor porous film in a 
cyclization agent consisting of acetic anhydride and pyridine for 1 to 20 hours at 10 to 40**C). thereby obtaining a 
poly (4,4* -oxydiphenylenepyromellitimide) porous film. 

(b) Alternatively, a material coated with a porous film of poly(4,4'-oxydiphenylenepyromellitlmide) may be obtained 
^ by heating a coated material, in which a polyimide precursor porous film is formed on a base material, at 150 to 

300*^0 for 0.5 to 5 hours (or by soaking the polyimide precursor porous film-coated material in a cyclization agent 
consisting of acetic anhydride and pyridine for 1 to 20 hours at 10 to 40''C). Examples of the base material include 
a metal foil, metal wire, semiconductor, plastic film, and the like and examples of the metal include gold, platinum, 
silver, copper, aluminum, chrome, and the like. 
so (c) Also, a poly(4,4'-oxydiphenylenepyromeUitimide) porous film may be obtained from the coated material resulting 

from the above process (b) by separating the poly(4,4'-oxydiphenylenepyromellitimide) porous film from the base 
material. 



[0043] With the film forming solution of the present invention, the porosity and pore size (ellipse or circle; length: 0.1 
ss - 10 ^m, width: 0.05 - 5 pm) of the resulting film can be changed by changing the type of the poor solvent other than 
the water soluble ether and alcohol compounds, namely water, an aromatic hydrocarbon or an aliphatic hydrocarbon, 
or by changing the blending ratio of each component in the film forming solution, thus rendering possible the production 
of a variety of porous films ranging from a porous film having substantially almost no gas permeability to a porous film 
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having an extrennely high gas permeability of 7.0 cm^/cm^^sec-cnnHg or nnore. When the amount of water, an aromatic 
hydrocarbon or an aliphatic hydrocarbon is increased, the porosity increases. By adding an aromatic hydrocarbon 
without water, a film having a small pore size can be obtained. Addition of water increases the pore size. A porous film 
having high gas permeability can be advantageously used as a gas separation film or a liquid separation film. In the 

s same manner, it is possible to obtain a porous film consisting of layers having different densities and a coated material 
in which such a type of porous film is formed on a base material. The gas permeability of the porous film according to 
the present invention is preferably 0.1 cm^/cm^-sec-cmHg or more and 0.7 cm^/cm^-sec-cmHg or less. 
[0044] Also, since the dielectric constant of the porous film can be controlled by adjusting the porosity of the film, a 
porous film having a dielectric constant of less than 3.0 (preferably from 1.5 to 3.0) can be obtained. A porous film 

10 having such a low dielectric constant can be advantageously used as an insulating film for flexible circuit boards and 
the like. 

[0045] The porosity of the porous film of the present invention is from 0.02 to 0.7 and the thickness of the porous 
film of the present invention is from 5 to 100 ^m. 

[0046] Since the film forming solution of the present invention consists essentially of a precursor of poly(4,4'-oxy- 
is diphenylenepyromellitimide) and a mixture of at least three solvents which are poor solvents for the polyimlde precursor 

when used alone, removal of solvents at the time of molding or coating is easy so that a porous film of poly (4,4- 
oxydlphenylenepyromellitimide) containing substantially no residual solvents can be produced much easier than in the 
case with the prior art processes in which aprotic polar solvents are used. 

[0047] Also, the fine porous structure formed in a porous film of the polyimlde precursor before imidization is not 
20 harmed when the porous film is subjected to heat imidization, while such harm is common in the case of the use of 
aprotic polar solvents. As a consequence, a porous film of poly(4,4'-oxydiphenylenepyromeintimide) can be produced 
much easier as compared to the prior art processes in which aprotic polar solvents are used. In addition, the thus 
produced porous film possesses excellent heat and chemical resistance due to its chemical structure. 

2S EXAMPLES 

[0048] The following examples are provided to further illustrate the present invention. It is to be understood, however, 
that the examples are for purpose of illustration only and are not intended as a definition of the limits of the present 
invention. Unless otherwise indicated, all procedures in the Examples were carried out in air. 

30 

EXAMPLES 1 to 4 

[0049] An 8.00 g portion of diaminodiphenyl ether was dissolved in a mixed solvent consisting of 11 9.2 g of THF and 
31 .8 g of methanol at 13°C, and the resulting solution was kept at 13®C. 8.80 g of pyromellitic dianhydride was added 
3S to the solution in one portion, and the mixture was stirred for 18 hours at 20*C to obtain an uniform yellow solution of 
a poly(amic acid) having an intrinsic viscosity of 1 .42. By adding predetermined amounts of water as shown in Table 
1 , uniform film forming solutions were prepared. 

[0050] Using an automatic film applicator (Yasuda Seiki Co., Ltd.), each of the thus obtained film forming solutions 
was spread on a glass plate at a speed of 40 mm/s and to a thickness of 500 ^m. After 20 minutes of drying at 25'C, 
40 the thus formed film was separated from the glass plate and heated at 80''C for 2 hours and then at SOO^'C for 3 hours 
to effect imidization. 

[0051] In this way, porous films of poly(4,4'-oxydiphenylenepyromellitimide) were obtained. When sectional SEM 
images of each film were observed, a large number of elliptic pores having a length of 5 to 7 pjn and a width of 1 to 3 
^m were found over the entire area of the film. The densities and hydrogen gas permeabilities of these films are shown 
4S in Table 1. 



TABLE 1 





Amount of water added 

(g) 


Thickness of film dim) 


Density (g/cm^) 


Hydrogen gas 
permeability (crrfi/ 
cm^-sec-crnHg) 


Example 1 


11.1 


40 


1.18 


4.2 X 10-5 


Example 2 


22.4 


40 


0.89 


3.8 X lO--* 


Example 3 


26.7 


41 


0.60 


3.7 X 10-3 


Example 4 


29.8 


41 


0.50 


7.0 



[0052] The effects of the amount of added water on the hydrogen gas permeability and the hydrogen/nitrogen sep- 
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aration ratio (hydrogen gas permeability/nitrogen gas permeability) are shown in Fig. 1 . 

[0053] As is clear from the results shown in Table 1 and Fig. 1 . the formation of films by this method makes possible 
the production of films having different gas permeabilities ranging from low to high by simply changing the amount of 
water added. Especially, as is evident from the results of Example 4. a film having a high gas permeability which cannot 
5 be obtained by prior art processes can be produced, and its hydrogen/nitrogen separation ratio is not harmed even at 
an extremely high hydrogen gas permeability of 7.0 cm3/cm2«sec»cmHg. 

EXAMPLES 5 to 8 

10 [0054] An 8.0 g portion of dianrunodiphenyl ether was dissolved in a mixed solvent consisting of 117.9 g of tetrahy- 
drofuran and 33.2 g of methanol at 30'C, and the resulting solution was kept at 30*C. 8.78 g of pyromellitic dianhydride 
was added to the solution in one portion, and the mixture was stirred for 1 hour to obtain an uniform yellow solution. 
The thus obtained solution was concentrated under reduced pressure until its solid content became 15.1%. At this 
stage, the poly(amic acid) solution had an intrinsic viscosity of 0.9. By adding predetermined amounts of toluene as 

IS shown in Table 2 to 100.0 g of this solution, uniform film forming solutions were prepared. 

[0055] In the same manner as described in Example 1 . each of the thus obtained film forming solutions was spread 
on a copper foil having an uniform surface and a thickness of 35 ^im, which copper foil had been fixed on a glass plate, 
at a speed of 40 mm/s and to a thickness of 200 ^tm. After drying at room temperature for 3 minutes and then at 60*C 
for 1 hour, the resulting laminate was heated at 300"C for 3 hours in an atmosphere of nitrogen to effect imidization. 

20 When sectional SEM images of each of the copper/poly(4,4'-oxydiphenylenepyromenitimide) porous films were ob- 
sen/ed, a large number of elliptic pores having a length of 2 to 3 \im and a width of 1 ^m were found in the film but 
only at the half In contact with the copper; the remaining half of the film was found to be a fine and uniform layer (each 
viewed in a direction perpendicular to the surface of the copper). The thicknesses, densities and dielectric constants 
at 1 MHz of the thus obtained poly{4,4'-oxydiphenylenepyromellitimide) porous films are shown in Table 2. 

25 



TABLE 2 





Amount of toluene or water 
added (g) 


Thickness of film (^m) 


Density (g/cm^) 


Dielectric constant (•) 


Example 5 


2.5 


21 


1.37 


3.31 


Example 6 


5.0 


20 


1.35 


3.31 


Example 7 


7.5 


20 


1.26 


2.88 


Example 8 


10.0 


21 


1.14 


2.63 


Example 9 


15.0 


17 


1.03 


2.30 



[0056] The relationship between the porosity of the poly(4,4'-oxydiphenylenepyromellitimide) porous film and its di- 
electric constant at 1 MHz is shown in Fig. 2. The porosity of these porous films was calculated from the density of the 
porous film assuming the density of poly(4,4'-oxydlphenylenepyronnallitimide) having no pore is 1.42 g/cm^. 
[0057] In addition, poly(4,4'-oxydiphenylenepyromellitimide) porous films were obtained from these copper/poly (4, 4'- 
oxydiphenylenepyromellitimide) porous film coated materials by removing the copper by etching. The hydrogen gas 
permeabilities of these porous films were found to be lO-^ cm^/cm2«sec«cmHg or less. 

EXAMPLE 9 

[0058] An 8.0 g portion of diaminodlphenyl ether was dissolved in a mixed solvent consisting of 117.9 g of tetrahy- 
droturan and 33.2 g of methanol at 30°C, and the resulting solution was kept at 30**C. A 8.78 g of pyromellitic dianhydride 
was added to the solution in one portion, and the mixture was stirred for 1 hour to obtain an uniform yellow solution. 
The thus obtained solution was concentrated under reduced pressure until its solid content became 15.1%. At this 
stage, the poly(amic acid) solution had an intrinsic viscosity of 0.9. By adding 15 g of water to 100.0 g of this solution, 
an uniform film forming solution was prepared. 

[0059] In the same manner as described in Example 1, the thus obtained film forming solution was spread on a 
copper foil having an uniform surface and a thickness of 35 ^m. which had been fixed on a glass plate, at a speed of 
40 mm/s and to a thickness of 200 nm. After drying at room temperature for 3 minutes and then at 60**C for 1 hour, 
the resulting laminate was heated at 300**C for 3 hours In an atmosphere of nitrogen to effect imidization. The poly 
(4,4'-oxydiphenylenepyromeHitimide) porous film thus obtained was yellow and opaque. When sectional SEM images 
of the copper/poly(4,4'-oxydiphenylenepyromellitimide) porous film were obsen/ed, a large number of elliptic pores 
having a length of 4 to 5 ^im and a width of about 1 ^im were found in the poly(4,4*-oxydiphenylenepyromellitimide) 
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porous film but only in the half in contact with the copper; the remaining half of the film was found to be a fine and 
uniform layer. The thickness, density and dielectric constant at 1 MHz of the thus obtained poly(4,4'-oxydiphenylenepy- 
romellitimide) porous film are shown in Table 2. The relationship between the porosity of the poly(4,4'-oxydlphe- 
nylenepyromellttimide) porous film and Its dielectric constant at 1 MHz is shown in Fig. 2 together with the results of 
s Examples 5 to 8. The porosity was calculated by the same way as in Examples 5 to 8. 

[0060] Copper was then removed by etching from the copper/poly(4,4'-oxydiphenylenepyromellitimide) porous film 
coated material to obtain a poly(4,4'-oxydiphenylenepyromellitimide) porous film. The gas permeability of the porous 
film was found to be lO^^ cm^/cm^-sec-cmHg or less. 

10 EXAMPLE 10 

[0061] 8.0 g of diaminodiphenyl ether was dissolved In a mixed solvent consisting of 117.9 g of tetrahydrofuran and 
33.2 9 of methanol at 30**C, and the resulting solution was kept at 30*0. An 8.78 g portion of pyromellitic dianhydride 
was added to the solution in one portion, and the mixture was stirred for 1 hour to obtain an uniform yellow solution. 
IS The thus obtained solution was concentrated under reduced pressure until its solid content became 15.1%. At this 
stage, the poly(amic acid) solution had an intrinsic viscosity of 0.9. By adding 3.0 g of n-decane to 100.0 g of this 
solution, an uniform film forming solution was prepared. 

[0062] In the same manner as described in Example 1 , the thus obtained film forming solutbn was spread on a 
copper foil having an uniform surface and a thickness of 35 |j.m, which had been fixed on a glass plate, at a speed of 

20 40 mm/s and to a thickness of 200 |j.m. After drying at room temperature for 3 minutes and then at 60°C for 1 hour, 
the resulting laminate was heated at 300°C for 3 hours in an atmosphere of nitrogen to effect imidization. The poly 
(4,4'-oxydiphenylenepyromellitimide) porous film thus obtained was yellow and opaque. This polyimlde porous film 
had a thickness of 30 ^im, a density of 1 .00 g/cm2 and a dielectric constant of 2.25 at 1 MHz. A poly(4,4*-oxydiphe- 
nylenepyromellitimkle) porous film was prepared from the copper/poly (4,4' -oxydfphenytenepyromellitimlde) porous film 

25 coated material by removing the copper by etching. The gas permeability of the porous film was found to be 10-7 cm^/ 
cm2»sec*cmHg or less. 

[0063] Thus, as has been described in the foregoing, with the film forming solution of the present Invention, removal 
of solvents at the time of molding or coating can be done easily and a porous film of poly(4,4'-oxydiphenylenepyrom- 
ellitimide) containing substantially no residual solvents can be produced, because the inventive film forming solution 

30 consists essentially of a precursor of poly(4,4'-oxydiphenylenepyromellltlmide) and a mixture of at least three solvents 
which are poor solvents of the polyimide precursor when used alone. Also, the porosity and pore size of the resulting 
film can be changed by changing the combination of the poor solvents and/or the blending ratio of each component in 
the film forming solution, thus making possible the production of a variety of porous films ranging from a porous film 
having no gas permeability to a porous film having high gas permeability. A porous film consisting of layers having 

35 different densities can also be obtained by varying the film forming solution as above. In addition, since the dielectric 
constant of the porous film can be controlled by adjusting the porosity of the film, a porous film having a k>w dielectric 
constant can be obtained. 

[0064] While the invention has been described in detail and with reference to specific embodiments thereof, it will 
be apparent to one skilled in the art that various changes and modifications can be made therein without departing 
^ from the spirit and scope thereof. 



1 . A film fomrilng solution consisting essentially of a precursor of a poly(4,4'-oxydlphenylenepyromelitlmide) consisting 
of at least 70 mol% of repeating units represented by the following formula: 



Claims 



so 




ss 



and less than 30 mol% of repeating units represented by the following formula: 
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55 



\ CO CO / 



wherein R is a tetravalent aromatic radical having 1 to 5 benzold-unsatu rated rings of 6 carbon atonns and R' 
10 represents a divalent aromatic radical having 1 to 5 benzoid unsaturated rings of 6 carbon atoms, wherein the four 

carbonyl groups are directly bonded to different carbon atoms in a benzene ring in R and each pair of carbonyl 
groups is bonded to adjacent carbon atoms In the benzene ring of R and wherein the two amino groups are directly 
bonded to different carbon atoms of R' 
and a mixture of at least three solvents consisting of * 

IS 

(i) a water-soluble ether compound, 

(ii) a water-soluble alcohol compound, and 

(iil) water and/or an aromatic hydrocarbon and/or an aliphatic hydrocarbon, 

20 which film forming solution has an intrinsic viscosity of 0,3 or more. 

2. The film forming solution according to claim 1 , wherein said water soluble ether compound is a compound of which 
number of carbon atoms divided by the number of ether groups is 4 or less. 

25 3. The film forming solution according to claim 1 wherein said water soluble alcohol compound Is a compound of 
which number of carbon atoms divided by the number of hydroxyl groups is 4 or less. 

4. The film forming solution according to claim 1 wherein said mixture of at least three solvents is consisting essentially 
of tetrahydrofuran, methanol and water. 

30 

5. The film forming solution according to claim 1 wherein said mixture of at least three solvents is consisting essentially 
of tetrahydrofuran, methanol and toluene. 

6. The film forming solution according to claim 1 wherein said mixture of at least three solvents is consisting essentially 
3S of tetrahydrofuran, methanol and decane. 

7. A porous film of poly(4,4'-oxydiphenylenepyromellitimide) obtainable by forming a porous film of a precursor of 
poly(4.4'-oxydiphenylenepyromellitimide) from the film forming solution of claim 1 and subsequently effecting ring 
closure of the porous film precursor. 

40 

8. The poty(4,4'-oxydiphenylenepyromellrtlmide) porous film according to claim 7 wherein said porous film has a gas 
permeability of 0.1 cm^/cm^^ec-cmHg or more. 

9. The poly(4,4'-oxydiphenylenepyromellitlmlde) porous film according to claim 7 wherein said porous film has a 
^ dielectric constant of less than 3.0. 

10. The poly(4,4'-oxydiphenylenepyromellitimide) porous film according to claim 7 wherein said porous film is com- 
posed of layers having different densities. 

50 1 1 . A coated material In which the poly(4,4'-oxydlpheny lenepyromellitimide) porous film of claim 7 is formed on a base 
material. 

12. The coated material according to claim 11 wherein said base material is copper. 



Patentanspruche 

1 . Filmbildende Losung, bestehend im wesentlichen aus einer Vorstufe eines Poly(4,4'-oxydiphenylenpyromellitimid). 
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bestehend aus mindestens 70 Mol% wiederkehrenden Einhelten der folgenden Formel: 




und weniger als 30 Mol% wiederkehrenden Einheiten der folgenden Formel: 



/ CO CO \ 
\ CO CO / 



worin R etn tetravalenter aromatischer Rest mit 1 bis 5 benzoid-ungesattigten Ringen aus 6 Kohienstoffatomen 
ist und R' einen divalenten aromatischen Rest mit 1 bis 5 benzoid-ungesattigten Ringen aus 6 Kohienstoffatomen 
darstellt, worin die vier Carbonylgruppen direkt an verschiedene Kohlenstoff atoms in einem Benzolring in R und 
jedes Paar von Carbonylgruppen an benachbarte Kohlenstoffatome im Benzolring von R und die beiden Amino- 
gruppen direkt an verschiedene Kohlenstoffatome von R' gebunden sind, 
und aus einer Mischung von mindestens drei Losungsmittein aus 

(i) einer wasserloslichen Ether-Verbindung, 

(ii) einer wasserloslichen Alkohol-Verbindung und aus 

(iii) Wasser und/oder einem aromatischen Kohlenwasserstoff und/oder einem aliphatischen Kohlenwasser- 
stotf, 

wobei die fiimbildende Losung eine intrinsische Viskositat von 0,3 oder mehr aufwelst. 

Filmbildende Losung gema3 Anspruch 1, worin die genannte wasserlosliche Ether-Verbindung eine Verbindung 
ist, deren durch die Zahl der Ether-Gruppen dividlerte Kohlenstoff-Zahl 4 oder weniger betragt. 

Filmbildende Losung gema3 Anspruch 1 , worin die genannte wasserlosliche Alkohol-Verbindung eine Verbindung 
ist, deren durch die Zahl der Hydroxyi-Gruppen dividierte Kohlenstoff-Zahl 4 oder weniger betragt. 

Filmbildende Losung gema3 Anspruch 1 , worin die genannte Mischung aus mindestens drei Losungsmittein im 
wesentlrchen aus Tetrahydrofuran. Methanol und Wasser besteht. 

Filmbildende Losung gema3 Anspruch 1 , worin die genannte Mischung aus mindestens drei Losungsmittein im 
wesentlichen aus Tetrahydrofuran, Methanol und Toluol besteht. 

Filmbildende Losung gema3 Anspruch 1 , worin die genannte Mischung aus mindestens drei Losungsmittein im 
wesentlk^hen aus Tetrahydrofuran, Methanol und Decan besteht. 

Poroser Film aus Poly(4,4'-oxydiphenylenpyromellitlmid), erhaltlich durch Bildung eines porosen Films einer Vor- 
stufe von Poly(4,4'-oxydiphenylenpyromeHitimid) aus der filmbildenden Losung von Anspruch 1 und durch an- 
schlieBende Ringschlu(3reaktion der Vorstufenverbindung des porosen Films. 

Poroser Film aus Poly(4,4'-oxydiphenylenpyromellitimki) gemaB Anspruch 7, worin der genannte porose Film eine 
Gas-Pemrieabilitat von 0,1 cm^/cm^ x sec x cmHg oder mehr aufwelst. 
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9. Pordser Film aus Poly(4,4'-oxydiphenylenpyromeIlitimid) gemaB Anspruch 7, worin der genannte porose Film eine 
Dielektrizltatskonstante von weniger als 3.0 aufweist. 

10. Poroser Film aus Poly(4,4'-oxydiphGnylenpyromeHitimid) gema3 Anspruch 7, worin der genannte porose Film aus 
s Schichten zusammengesetzt ist, die verschiedene Dichten aufweisen. 

11. Oberzogenes Material, worin der porose Poly(4,4'-oxydiphenylenpyromellitimid)-FiIm von Anspruch 7 auf einem 
Basismaterial ausgeblldet ist. 

10 12. Oberzogenes Material gemaB Anspruch 11, worin das genannte Basismaterial Kupter ist. 
Revendicatlons 

IS 1. Solution formant un film constituee essentiellement d'un pr6curseur de poly(4,4'-oxydiphenylenepyromellitimide) 
constitue d'au moins 70 % en moles d'unites recurrentes representees par la formule suivante : 



20 




26 

at moins de 30 % en moles d'unit6s recurrentes representees par la formule suivante : 



30 




dans laquelle R est un radical aromatique tetravalent ayant 1 k 5 cycles insatures benzoides de 6 atomes de 
carbone et R' represente un radical aromatique divalent ayant 1^5 cycles insatures benzoides de 6 atomes de 
carbone. dans laquelle les quatre groupes carbonyle sont directement lies k des atomes de carbone diff6rents 
40 dans un cycle benzenique dans R et chaque paire de groupes carbonyle est liee a des atomes de carbone adjacents 

dans le cycle benzenique de R et dans laquelle deux groupes amino sont directement lies ^ des atomes de carbone 
differents de R' et un melange d'au moins trois solvants constitue de 

(i) un compose ether soluble dans I'eau 
45 (ii) un compose alcool soluble dans I'eau et 

(iii) de I'eau et/ou un hydrocarbure aromatique et/ou un hydrocarbure aliphatique, 

!a solution formant un film ayant une viscosite intrinseque de 0,3 ou plus. 

50 2. Solution formant un film selon la revendication 1 , caracterisee en ce que ledit compose ether soluble dans I'eau 
est un compose dont le nombre d'atomes de carbone divise par le nombre de groupes ether est de 4 ou moins. 

3. Solution formant un film selon la revendication 1 . caracterisee en ce que ledit compose alcool soluble dans I'eau 
est un compose dont le nombre d'atomes de carbone divis6 par le nombre de groupes hydroxyle est de 4 ou moins. 

55 

4. Solution formant un film selon la revendication 1 , caracterisee en ce que ledit melange d'au moins trois solvants 
est constitue essentiellement de tetrahydrofurane, de methanol et d'eau. 
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5. Solution formant un film selon la revendication 1 , caracteris^e en ce que ledit melange d'au moins trots solvants 
est constitue essentiellement de tdtrahydrof urane, de methanol et de toluene. 

6. Solution fornfiant un film selon la revendication 1, caractdrisde en ce que ledit melange d'au moins trois solvants 
est constitu6 essentiellement de tdtrahydrof urane, de m6thanol et de d6cane. 

7. Film poreux de poly(4.4'-oxydiph6nylenepyromellitimide) pouvant etre obtenu en formant un film poreux d'un pr6- 
curseur de poly(4,4'-oxydiph6nyl6ne-pyromellitimlde) k partir de la solution formant un film de la revendication 1 
et en effectuant post^rieurement la fermeture de cycle du pr^curseur de film poreux. 

8. Film poreux de poly(4,4'-oxydjphenyl6nepyromellitimlde) selon la revendication 7, caract6risd en ce que ledit film 
poreux a une permeability aux gaz de 0,1 cm^/cm^.s.cm de Hg ou plus. 

9. Film poreux de poly(4,4'-oxydiph6nyl6nepyromellitimide) selon la revendication 7, caract6ris6 en ce que ledrt film 
poreux a une constante didlecthque inf6rieure k 3,0. 

10. Film poreux de poly(4,4'-oxydiph6nylenepyromellitimide) selon la revendication 7, caract6ris6 en ce que ledit film 
poreux est compost de couches ayant des densites differentes. 

11. Mat6riau rev§tu dans lequel le film poreux de poly(4,4'-oxydiphenylenepyromellitimide) de la revendication 7 est 
formd sur un matdriau de base. 

12. Mat^riau revdtu selon la revendication 11 , caracteris^ en ce que ledit matdriau de base est du cuivre. 
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Fig. 1 ^ 
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